01-11- 2: 2 ! 24PM; NGB ftfjftf. 



; 335561 3935 # 3/ 42 

U 013698-2 



INK COMPOSITION FOR INK «JST PRINTER 

FIELD OF THE INVENTION 
The present invention relates to an aqueous ink 
composition which, without impairing ejection stability/ 
is excellent in liyht-f astness and water-r astness, does 
not cause cohesion differential, gloss differential, 
bronzing phenomenon,, color-hl aedi ng, and the like, has 
improved fixing ability and coloring property, and is 
s a capable of performing highly glossy recording- 

*p: Particularly, an aqueous ink composition suitable £or ink 

'■b ;4 

jet printing, a recording proocoo uoing the aqueous ink 
FU composition, a recorded artirJfi having an image recorded 

S 3*3 

yl by the recording process, and an ink cartridge containinq 

Li r.hft aqnaous ink: composition. 



BACKGROUND OF THE INVENTION 
hn aqueous ink composition generally contains water 
as a main component, to which a coloring component and a 
watting agent such as glycerin are incorporated. 
Moreover, recording jnedia to be used tor the aqueous ink 
composition include those capable of absorbing Lhe ink 
composition to some extent and of being penetrated by a 
colorant, for example, paper. As a recording process 
using an aqueous ink composition, an ink jet recording 
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process has recently attracted an attention. Ink jet 
recording process is a recording process in which 
droplets of an iuk composition are ejected through fine 
nozzles and deposited onto a recording medium to conduct 
recording. 

Hitherto, a water-soluble dye has been frequently 
employed as a colorant for an aqueous ink composition to 
be used in an ink jet printing method, so that there 
exist £3 a defect that the light-fastness and water - 
iastness of a recorded image are poor. On the other hand, 
it has been examined to employ a pigment as a colorant 
fox improving the light-f aetness and water-fastness of a 
recorded image, but there arises * problem that fixing 
ability onto a recording medium is insufficient in the 
case of empioying a pigment as a colorant. 

In addition, the present inventors found the 
following problems. Color-bleeding may occur because the 
penetration rate of an ink: composition is slow depending 
on recording media. Therefore, it has been examined to 
i nr.orporate an acetylene glycol-type or glycol other-type 
penetrating agent. However, even in the case of an ink 
composition wherein the penetrating ability of the iuk is 
enhanced by the use of the above-described penetrating 
agent, the penetrating ability is still insutticient 
depending on recording media, and thus there sometimes 
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ocouro a phenomenon that colox density becomes uneven 
(hereinafter, referred to as "cohesion differential") , 
Accordingly/ there is a problem that ejecting amount o£ 
th© ink composition cannot be increased and thus coloring 
property cannot he improved, especially in the case that 
recordixiy is conducted, by overlapping two or more colors. 

Furthermore, in the case of conventional ink 
compositions, the inventors have found problems of 
occurrence of a phenomenon that dif fexenue in reflectance 
is observed depending on print duties (hereinafter, 

£3 

f-. referred to as "yluss differential") and occurrence ot a 

rf phenomenon that a solid print of cyan looks reddish 

r :;:; (hereinafter, referred no as "bronzing" ) . In addition, 

it is sometimes difficult to realise imaqe recording of a 
H< sufficiently high gloss. 



O SUMMARY OF THE INVENTION 

The present invention has been made to solve the 
above-described problems* 

Accordingly, it is an object of the present 
invention to provide an aqueous ink- composition excellent 
in light fastness and water-fastness , which does not 
cause cohesion dif f er<antial, gloss differential, bronsing, 
color-bleeding, and the like without impairing ejection 
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stability, and ha3 improved fixing ability and coloring 
property. 

Another object of the invention is to provide an 
aqueous ink composition further being capable of 
performing highly glossy image recording in addition to 
the above-described properties, 

A still other object of the invention is to provide 
a recording process using the. aqueous ink composition- 

Ti atill other object of the invention is to provide 
iJL a recorded article having an image recorded by the 

IS recording process. 

j ! f A still other object of the invention is to provide 

fW an ink: cartridge containing r.ha aqimous ink composition . 

y i 

m Other objects and effects of the present invention 

H will hsnoTrte apparent from the following description, 

O The above-described objects of the invention have 

been achieved by providing an aqueous ink composition 
comprising at least water,, a pigment dispersed by polymer, 
a sulfonyl group-containing (co) polymer, and an Ultra- 
pAnet rating agent. 

In a preferred embodiment, the suitonyl group- 
containing .(co) polymer is present in the form of an 
emul 55i on. 

In another preferred embodiment, the sulfonyl group- 
containing (co)polymer is at least one of a diene-based, 
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sulfonyl group-containing (co) polymer and a non-diene- 
based, sulfonyl group-containing (co)pnl ymer . 

In a still other preferred eiabudimeiiL, the non- 
dj p.np.-hased, sulfonyl group-containing (co) polymer ic an 
acryl-based, sulfonyl group-containing (co) polymer. 

In a still other preferred embodirrienL, Lhe piqraent 
dispersed by polymer is a pigment dispersed in an aqueous 
medium by an acrylic (co) polymer having an acid value ot 
100 or more. 

in a still other preferred embodiment, the ultra- 
penetrating agent is ait least one compound selected Item 
the group consisting of acetylene glycol compounds, 
acetylene alcohol compounds, and glycol ether compounds. 

In a still other preferred embodiment , the ultra- 



represented by the following formula (1) and triethylene 
glycol monobutyl ether: 



penetrating agent is a oombi n^-H on of a compound 



R^C-O-fCH.-CH.-O-hr-H 

wherein, 0 <f m + n £ 50, and R 1 , R 2 , R 3 and R q each 
independently is an alkyl qroup. 




(1) 
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In a otill other preferred embodiment, the aqueous 
ink composition is for use in ink jet recording* 

The present invention also provides a recording 
process comprising recording an image by an ink jet 
recording process using any one of the abov*~-described 
aqueous ink compositions. 

The present invention also provides an ink cartridge 
containing any one of the above-described aqueous ink 
compositions - 

The present invention also provides a recorded 

O article having an image recorded by the recording process. 

O 
Q 

DETAILED DESCRIPTION OF THK IN V KM' I 1 TQM 
m The aquoouo ink composition of the invention is 

described in detail below. 

The aqueous ink composition of the invention is 
ril obtainable by mixing at least water, a "pigment dispersed 

M by polymer"/ a "SUlfonyl group-containing (co) polymer" , 

and an "ultra-penetrating agent". 

Tn the invention, the "aqueous ink composition" 
laeaus, for monochromatic recording, an aqueous black ink 
composition, and, for color recording, an aqueous color 
ink composition, specifically an aqueous cyan ink 
composition, an aqueous magenta ink composition, an 
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aqueous yellow ink composition./ or also in suine cases, an 
aqueous black ink composi rion. 

In the invention, the "pigment dispersed by polymer" 
means a pigment which is dispersed in an aqueous medium 
{water or a mixture or water and a water-soluble organic 
solvent) by the action ol a polymeric dispersant 
(described later) or a polymeric disporcant and other 
dispersant. 

In the invention, the "sulfonyl group-containiny 
(co) polymer" means a sulfonyl group-containing polymer 
(described later) and/or a sullunyl qroup-contalning 
copolymer (described later) . 

As the pigment to be contained in r.h« aqueous ink 
composition of the invention as a colorant, there may be 
employed an inorganic pigment and an organic pigment 
which have hitherto been employed in ink composition for 
ink jet recording. Examples of the inorganic pigment 
usable include carbon blacks produced by knnwn methods 
such as contact process, furnace pruuesy, and thermal 
process, jn addition to titanium oxide and iron oxide. 
Moreover, examples of the organic pigment usable innlndp. 
azo pigments (including azo lakes, insoluble azo piqmenLs f 
condensed azo pigments, chelate azo pigments, for 
example), pclycyclic pigments (for example, 
phthalocyanine pigments, perylene pigments, perinone 
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pigments, anthraquinone pigments, quinacr idone pigments, 
dioxazine pigments r f.hi rn ndigo pigments, isoindolinone 
pigments, and quinophlhalone pigments ) , nitro pigments, 
nitroso pigments, and aniline black. 

The colorant for the cyan ink- composition is 
preferably a cyan pigmenL- 

As the cyan pigment, C. !♦ Pigment Blue 15:3, 15:4, 
60, and the like are preferably employed, and 
particularly preferred io C. I. Pigment Blue 15:3* 
Moreover, the cnTorant for the magenta ink 
S composition is preferably a magenta pigment. 

Q ■ As the magenta pigments, C. I- Pigment Red 122, 202, 

fy; 209, C. I. Pigment Violet 19, and the Hie* are preferably 

! f 3 

ffj employed, and particularly preferred is C, I. Pigment Red 

U 122 ' 

These cyan pigments and maqenta pigments may be used 
!i jf solely or as a mixture of two or more. 

Moreover, a yellow pigment and a hJack pigment are 
preferably used as colorants for the yellow ink 
composition and black ink composition, respectively. 

The yellow pigment includes C. 1. Figment Yellow 13, 
74, 93, 109, 110, 128 ; 138, 150, 151, 154, 155, 130, 185, 
and the like, and t.hp. black pigment includes carbon black 
and the like. 
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Furthermore, as pigment o to be used for color ink 
compositions other than cyan, magenta, or yellow ink 
composition, e.g., orange ink cumposilion and green ink 
nompnsi tion, there raay be mentioned C, I. Pigment Orange 
36, 43, or the like and C, i. Pigment Green 7, 36, or the 
like. 

The particle diameter of the pigment to be contained 
in the aqueous ink composition is preferably 10 |iim or 
less, more preferably 0.1 Jim or less. 

Moreover , the content of the pigment, in the aqueous 
ink composition is not particularly limited but is 

O 

O preferably from 0.1 to 20% by weight, mors preferably 

fU from 0.2 to 10% by weiqhl, 

ffl The pigment is used as a dispersion in an aqueous 

medium (water or a mixture of war.ftr and a water-soluble 
i«i organic solvent) dispersed by the action ul a polymeric 

35 I 

^ di spp.rxant or the action of a polymeric diepcrsant and 

other dispersani, i.e., as a "pigment dispersed by 
polymer". 

As a preferable example of the polymeric dispers&nt, 
a natural polymer may be mentioned ► Specific examples 
thereof include proteins such as glue, gelatin, and 
albumin; natural rubbers sunh as gum arable and gum 
tr&g&canth,- glycosides such as saponin; alglnic acid and 
alginic acid derivatives such as alginate cater of 
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propylene glycol, triethanolamine alginate, arid ammonium 
alginate; cellulose derivatives such as methyl cellulose, 
carboxymethyl cellulose, hydroxyethyl cellulose, and 
ethyl hydrottycellulose; and the like, 

A synthetic polymer may be also mentioned as a 
preferable example ul the polymeric dispersant. Specific 
examples thereof include polyvinyl alcohols; polyvinyl 
pyrrolidones; (meth) acrylic resins such as polyacrylie 
acid, polymcthacrylic acid, polycrotonic acid, acrylic 
acid-acrylonitri 1 e copolymer,, potassium acrylate- 
acrylcnitrile copolymer, vinyl act* lale-acrylic ester 
copolymers, and acrylic acid-alkyl acrylatc copolymers; 
st yreue- (meth) acrylic resins such as sr.yrf=>np,-c3crylic acid 
copolymer, styrene-methacrylic dgid copolymer, a- 
methylstyrene-acrylic acid copolymer, a-mcthyletyrene • 
methacrylic acid copolymer, styrene-methacryllc acid- 
alkyl acrylatc copolymers, styrene-a-methylstyrens ~ 
acrylic acid copolymer, and styrene-a-methylstyrene- 
ucrylic acid alkyl acrylate copolymer a; styrene-malelc 
acid copolymer; styrene-maleic anhydride copolymer; 
vinyluaphlhalene-acrylic acid copolymer; 
vinylnaphthalene-mulcic acid copolymer; vinyl acetate 
copolymers snr.h as vinyl acetate-ethylene copolymer, 
vinyl acetate-fatty acid vinyl ethylene copolymer, vinyl 
acetate-maleic ester copolymer, vinyl acetate-crotonic 
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acid copolymer, and vinyl acetate-acrylic acid copolymer; 
and salts thereof 

Among them, pry£yrred is a copolymer obtainable trom 
a monomer having a hydrophobic group and a monomer having 
a hydrophilic group or a polymar obtainable from a 
monomer having both of a hydrophobic group and a 
hydrophilic group in the molecular structure* 

Moreover, in view of the realization of highly 
glossy image recording, particularly preferred is an 
unsaturated tatty anirf polymer or a copolymer of at least 
one unsaturated fatty acid and dl least one hydrophobic 
monomer having an acid value of 100 or more. Examples of 
the pulymer and copolymer Include unsaturated tatty acid 
polymers such ao polyacrylic acid, polymethacrylic acid, 
and polycrotonir. acid; styrene- (meth) acrylic copolymers 
such as styrene-acryliu acid copolymer, styrene- 
methacrylic acid copolymer, cc-methylstyrene-acrylic acid 
copolymer, a-methy I styrane-methacrylic acid copolymer, 
and Qtyrene methacrylic acid-alky 1 acrylate copolymers; 
styrene-crotoni c acid copolymers; styrsne-maleic acid 
copolymers; and salts thereof. 

Examples of the above-noted salts include salts with 
diethylamine, ammonia, ethylarnine, triethylamine, 
propylamine, isoopropylamine, diprcpyl amine, butylamine, 
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ioobutylamine, triethanolamine, diethanolcunicie, 
aminomethylprnpanol, and morpholine. 

Thy "acid value" means an amount (mg) of kok 
necessary for neutralising 1 g of the above polymer or 
copolymer. 

These copolymers have a weight average molecular 
weight of preferably 3,000 to 30 , 000, more preferably 
5,000 to 15,000, 

The addition amount of the polymeric dispersant is 
IU preferably in the. range of 0-05 to 3, more preferably 0.1 

p to 3 in terms of the weighL x-dliu relative to the weight 

iy : of the pigment. 

As other dispersant which can he nspri in combination 
upon the preparation of the pigment dispersed by pulymer, 
a conventional water-soluble ionic or nonionic surfactant 
D ' may be mentioned. 

□ Examples of anionic curfactant3 include higher fatty 

. acid salts, higher alkyl dicarboxy I at* salts, higher 
alcohol sulfate ester salLs, higher alkylsulf onate salts, 
condensates of higher fatty acids and amino acids, 
sulfosuccinate ester salts, naphthenate salts, .liquid 
fatty oil sulfate e3ter salts, alkylarylsulfonate salts, 
and thft like. 

Examples of cationic surfactants include aliphatic 
amine salt©/ quaternary ammonium salts, sulfonium salts, 
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and phoaphonium salts, and examples of amphoteric 
surfactants include pol yacrylamide. 

Examples of the nonionic surfactants include fatty 
acid esters of polyoxy compcunda, and polyethylene oxide 
condensates. 

One or more ul the above-described ^other 
dispers&nts" may be usod in combination with the 
polymeric dispersant. 

The total addition amount of the polymeric 
dispersant and fchft ahove-described >v other dispersants" is 
preferably in. the range of 0-06 to 3, more preferably 
0.125 to 3 in terms of the weight ratio relative to the 
weight of the pigment. 

The pigment dispersed by polymer to be used in the 
invention can be> prepared by stirring and mixing, for 
example/ a pigment, a polymeric dispersant or a polymeric 
dispersant and other dispersant, and an aqueous medium by 
means of, for example, beads mill, ball mill, sand mill, 
attritor, roll mill, agitator, Henschell mixer, colloid 
mill, ultrasonic homogeniz^r, or pearl mill. 

The sulfonyl group-containing (co) polymer to be 
contained in the aqucouo ink composition of the invention 
is obtained by sulfonating a polymer or copolymer 
obtainable by polymerization or copolymerization ot the 
monomer (s) described below (see JP &-11-217525 (The term 
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n JP~A" as used herein means an "unexamined published 
Japanese patent application") ) , or is obtained by 
polymerizing or copolymerizing sulfonated monomer (s) , and 
includes a diene-based, sulfonyl group-containing 
(co) polymer which requires a diene monomer as the 
e33ential component, and a non-dieae-baseU, sulfonyl 
group-containing (co) polymer which does not requires a 
dltsne munomer as , the essential component. 

In the aqueous ink composition of the invention, the 
sulfonyl group-containing (co) polymer 1* preferably used 
in the form of an emulsion. The use of the composition 
ftrnplnying a pigment dispersed by polymer as the pigment 
and containing an emulsion of a sulfonyl group-containing 
(co) polymer enables the improvement of fixing ability 
without impairing ejection sr.ahi Mty. Furthermore, the 
use of the composition also enables the suppression of 
occurrence of cohesion differential, gloss differential, 
and b-CQjizinq and enables the increase of print duty, 
which is resulted from the combined use of an ultra- 
penetrating agent, whereby the enhancement of coloring 
property becomes possible. 

The monomers employed for obtaining the diene based, 
sulfonyl group- containing (co)polymp.r include diene 
monomers and other monomers usable in combination with 
the diene monomers, 
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The dienc monomers are diene compounds having 4 lo 
10 carbon atoms, and examples thereof include 1,3- 
butadiene, 1, 2-butadiene, 1, 3-pentadiene, 1, 2-pentadiene r 
2, 3-pentadiene, isoprene, 1, 2-henadicnc, 1 , 3-hexadiene, 
1, 4-hexadiene, 1, 5-hexadiene, A r ene, 2,4- 

hexadiene, 2, 3-dimethyl-l, 3-bulddiene, 2-ethyl-l,3- 
hutadiene, 1, 2-heptadiene, 1, 3-heptadiene, 1, 4-heptadicnc, 
1, 5-heptadiene, 1, 6-heptadiene/ 2, 3~heptadiene, 2,h- 
hsptadiene, 3, 4-heptadicnc, 3, 5-heptadiene, and 
cycloheptadiene. These diene monomers may be used solely 
or in combination of two or more. 

Examples of other monomers usable in combination 
with the Uieue monomers include aromatic monomers sur.h as 
3tyrene, a-methylstyrene, o-methylstyreue, p- 
methylstyrene, m-m^thy I afcyrene, and vinylnaphthalene; 
alkyl (meth) acrylates such as methyl (meth) acrylate, 
ethyl (meth) acrylata, and butyl (moth) acrylate; mono or 
dicarboxylic acids such as (meth) acrylic acid, crotnnic 
acid, maleic acid, and itaconic acid or anhydrides of 
dicarboxy 1 i r. ar.ids; vinylcyan compounds such as 
(iLitslh)ci^rylojiitrile; unsaturated compounds such as vinyl 
chloride, vinylidene chloride, vinyl methyl ketone, vinyl 
acetate, (meth) acryl ami de, and glycidyl (meth) acrylate. 
These other monomers may be used solely or in combination 
of two or more* 
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In the ca3e of combined use of these other monomers, 
the proportion of the diene monomer to ba amployed is 
preferably 0.5% by weight or more, more preferably 1% by 
weight or more, further preferably 5* by weight or more 
based on thft total weight of the whole monomers. 

Th« dierie-based (co) polymer obtainable by 
polymerising or copolymerizing the above diene monomer (s) 
and optionally other monomer (s) usable* in combination 
with the diene monomer (s) may be any (co)polymer 
Including a random copolymer and a block copolymer. 
Examples of preferred (cu) polymer include isoprene 
homopolymer, butadiene homopolymer, iooprone-styrene 
random copolymer, isoprene-styrene block copolymer, 
styrenc-isoprene styrene triblock copolymer, buLadiene- 
sr.yranp. random copolymer, butadiene-styreno block 
copolymer, styrentj-butcidiene-styrene block copolymer, 
styrene-butadiene-etyrenc triblock copolymer, and 
ethylene-propylene-diene triblock copniymRr. Examples of 
more preferred copolymer include isoprene-styrene block 
copolymer, styrene-isoprene-styrene triblock copolymer, 
butadiene-styrene block copolymer, styrene-butadi e>ne>- 
styrcne block copolymer, and styrene-butadiene-styrene 
triblock copolymer - 

The diene-based, sulfonyl group-containing 
(co) polymer to be U3ed in the invention is sulfonated/ 
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for example, by hydrogenating some part or all of the 
remaining double bonds of the above diene-based 
(co) polymer and/or of the precursor monomers and by 
sulfonating the resulting (co) polymer in accordance with 
a lOlOttn sulfonating method, for example, the methods 
described in Shin-Jikken Kaqaku Koza (Vol. 14, III. p. 
1773 edit, by the Chemical Society of Japan) or JP-A-2- 
227403. 

The above hydrogenation may be conducted after the 
suitonati on . 

Examples of a sulluuciliny agent include sulfuric 
anhydride, sulfuric acid, chloro sulfonic acid, fuming 
sulfuric acid, and hydrogen sulfites (M salt, Na salt, K 
salt, Rb salt, Cs salt, or the like) - 

The. amount of the sulfonating agent is preferably 
from 0,005 to 1-5 mul, more preferably from 0.01 to 1.0 
mol relative to 1 mol of the above (co) polymer. 

The diene-based, sulfonyl group-containing 
(co) polymer of the invention is obtained by Lreatinq the 
sulfonated product as obtained above with water and/or a 
basic compound. Examples of the basic compound include 
alkali metal hydroxides, alkali metal alkoxides, alkali 
metal carbonates, ammonia water, organometallic compounds, 
and amines. The basic compound may be used solely or in 
combination of two or more. The amount of the basic 
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compound to be used is 2 raol or less, preferably 1.3 mol 
or less, relative to 1 mol of the sulfonating agent usad. 

The dieae-based, aulfonyl group -containing 
(co) polymer thus obtained is preferably uaed in the form 
of an emulsion in water. ThR emulsion is obtained by 
stirring and mixing Lh« yroduul after neutralisation or 
before neutralization {a solution of the sulfonated 
product in an organic solvent) with water and/or a basir! 
compound to emulsify the product , and then removing the 
N' organic solvent while maintaining the water, 

p The content of the diene-based, sulfunyl qroup- 

y, containing (co)polymer is preferably from 0.1 to 20% by 

If I weight, more preferably from 0.2 to 10% by we.ighr. in an 

aqueous ink composition. When the content is less than 
0.1% by weight, there exists a problem that sufficient 
y friction resistance cdimol be attained in some cases, 

while when the content is more than 20% by weight, there 
arise problems that the viscosity ot the ink composition 
may exceeds the viscosity most suitable for ink head and 
that ftjaction stability may be deteriorated. 

Examples of the monomer used for obtaining the non- 
diene-based, sulfonyl group-containing (co) polymer 
include vinyl mnnnmers such as allylsulf onic acid, 
vinylsullonic acid, or methacrylsulf onic acid obtainable 
by reacting isobutylocnc and oulfur trioxide/ styrene 
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monomers; such as sodium p--styrenesulf onate (e.g., 
Spiromer manufactured by Tosoh Corporation) ; or monomers 
having sulluxiyl group such as a methacrylate ester 
monomer represented by the general formula: 
CH2=C(CH3)-CQO(AO) B SO a Na (A: a lower alkylene group) 

{e.g., Eleminol RS-3Q, manufactured by Sanyo Kasei K.K, } ? 
and sodium salts, potassium salts, ,and lithium salts of 
the above monomers, 

The non-dicne-based, sulfonyl group-containing 

(co) polymer may bft a copolymer obtained by copolymer! zing 

p the above sulfonyl group-coiiLdininy monomer and a monomer 

13 

y 5 containing no sulfonyl group* Examples of other 

f ! I 

It uopolymerizable monomer include aromatic monovinyl 

in 

compounds such as styrene, eLliylvinylbeiizeiie, u- 
mettiylstyrene, r I norostyrene, and vinylpyrene; acrylate 

ssssr, 

Q ester monomers such as butyl acrylate, 2-ethylhexyl 

i; i ;; 

C3 acrylate, p-methacryloyloxyethyl hydrogen phthalaLe, and 

NrN'-dimethylaminoethyl acrylate; methacryiatfi p.ster 
monomers such as 2-ethylhexyl methacrylate, methoxy 
diethyl atip, glycol methacrylate, methoxy polyethylene 
ylycol methacrylate, methyl methacrylate, ethyl 
raethacrylatc, butyl methacrylate, N,N 1 -dimethylaminoethyl 
methacrylate, and glycidyl methacrylate; cyanated vinyl 
compounds such as acrylonitrile and methacrylonitriie; 
silicon-modified monomers; and macrcmonoiuera. 
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Furthermore, there may be mentioned conjugated 
double bond compounds such as butadiene and isoprene; 
vinyl ester compounds such as vinyl acetate; and a-olefin 
compounds such ae 4-methyl-l-pcntene. Among the 
copolymerizable monnmp.rs, preferred are styrene, methyl 
methacrylale, and acrylonitrile. 

The amount of the copolymerizable monomer to be used 
is usually from 1 to 93% by weight, preterahly from 5 to 
80% by weight based on the total weight of the whole 
polymeri r.ahl e monomers . 

The non-diene-based, sulfonyl qroup-containing 
(co) polymer is obtained by radical polymerisation of the 
above sulfonyl group-containing monomer or r.he sultonyl 
group-containing monomer and other copolymerizable 
monomer in a solvent for polymerization such as water or 
an organic solvent usinq a radical polymerization 
initiator or a chain transfer agent. 

Examples of the organic solvent for polymerization 
to be used for radical polymerization ixtclude alcohols 
such as methanol, ethanol, and isopropanol; aromatic 
hydrocarbons such as xylene, toluene, and benzene ; 
aliphatic hydrocarbons 3uch as butane, pentane, hexane, 
cyclohftxane, and heptane. Among the solvent for 
polymerization, preferred is water or methanol. 
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Examples of the radical polymerization initiator 
include persulfate-type Initiators such as potassium 
peroxide, sodium persulldle, and ammonium persulfate; 
inorganic initiators such as hydrogon peroxide; organic 
peroxides such as curaene hydroperoxide*, i snpropylbenzene 
hydroperoxide, p-menthane hydroperoxide, benzoyl 
peroxide; and organic initiators represented by aso-type 
initiators such as azobisisobutyronitrile. 

The non-diene-bascd, culfonyl group-containing 
(co) polymer obtainable by polymerizing or copolymerizing 
the above non-diene-based, sulfonyl group-con Laiuiuy 
monomer (s) may be any (co) polymer including a random 
copolymer and a block copolymer. 

The non-diono-bascd, aulfonyl group containing 
(co) polymer r.o be usftri in the invention is preferably 
used as an emulsion in water. The emulsion is obtained 
by stirring and mixing the product after neutralization 
or the product before neutralization (a solution of t-.h* 
oulfonated product in an organic solvent) with water 
and/or a basic rnmpoimd to emulsify the product, and then 
removing the organic solvent while maintaining the water. 

The content of the non-diene-baaed, aulfonyl group- 
containing (no) polymer is preferably from 0.1 to 20% by 
weight, more preferably from 0.2 to 10% by weight in an 
aqueous ink composition. When the content ia le33 than 
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0,1% by weight, there eKiats a problem that sufficient 
friction resistance cannot be attained in some cases, 
while when Lhe content is more than 20% by weight, there 
arise problems that the viscosity of the ink composition 
may exceeds the viscosity most suitable for ink head and 
that ejection stability may be deteriorated. 

As the ultra-penetrating agent to be contained in 
the aqueous ink composition or the invention, there may 
be mentioned acetylene glycols, acetylene alcohols, and 
glycol ethers. 

They can be, of course, used in coflLbiiidLiujj and, for 
example, it is also possible to use acetylene glycols 
dxid/or acetylene alcohols in combination with glycol 
ethers . 

Specific examples nt the acetylene glycols include 
acetylene glycol surfactants such ds 2, 4, 7, 9-tetramethyl- 
5-decyn-4, 7-diol and 3, 6-dimethyl-4-octyn-3, 6-diol, e.g., 
Surfynol 104 (compound of the above formula (1) wherein m 
+ n - 10), Surfynol 02, Surfynol 465, Surfynol 435, ur 
Surfynol TG (compound of the above formula (1) wherein m 
= » = 0) manufactured by Air Products and Chemicals inc. 
In particular, satisfactory record quality can be 
attained with th« use of Surfynol 104 or Surfynol TG, 

Specific examples of the acetylene alcohols include 
3,5-dimethyl-l-hexyn--3-ol and 2, 4-dimethyl-S- hexyn 3-©l. 
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The content of the acetylene glycol and/or acetylene 
alr.nhnl is preferably from 0,05 to 5% by weight, more 
preferably from 0.1 ro 2% by weight in an aqueous ink 
composition* When the content is less than 0.05% by 
weight, there exists a problem that sufficient 
peuelratinq ability cannot be attained in some cases, 
while when the content exceeds 5% by weight, there arises 
a problem that ejection stability -may be deteriorated 
owing to the incomplete dissolution in the ink 
y s composition. 

PJ Examples of the glycol ethers include lower alkyl 

?T ethers of polyhydric glycols ouch ao ethylene glycol 

monomethyl ether , ethylene glycol monoRthyl ether, 

in 

ethylene glycol monobutyl ether, diethylene glycol 
M* monomethyl ether, diethylene glycol monoethyl ether, 

Q dielliylene qlycol monobutyl ether, and triethylene glycol 

q monobutyl other. In particular, a satisfactory record 

quality can be attained with the ua* of triethylene 
glycol monobutyl ether - 

The content of the glycol ether is preferably from 
0-5 to 20% by weight, more preferably from 1 to 10% by 
weight in an aqueous ink composition- When the content 
Is less than 0.5% by weight, there exists a problem that 
sufficient penetrating ability cannot be attained in some 
cases r while when the content exceeds 20% by weight, 
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there arise problems that the viscosity of the ink 
composition may become very high to decrease the 
stability of the aqueous ink composition. 

The aqueous ink composition of the invention 
contains the following various components as aqimnns 
media. The aqueous medium of the invention its waLer or a 
mixture of water and a water-soluble organic solvent* 

The water-soluble organic solvent may include 
organic solvents having a low boiling point (particularly, 
alcohols having low boiling points). F.xamples of the low 
boiling point alcohols include aliphatic alcohols havinq 
1 to 4 carbon atoms such as methyl alcohol, ethyl alcohol, 
n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, 
sec-butyl alcohol, tcrt-butyl alcohol, and isobutyl 
alcohol. These low boiling point organic solvents may be 
used solely or in combination ol two or more , 

The content of the low boiling point organic 
solvents (particularly, low boiling point alcohols) is 
preferably from 1 to 30% by weight, more preferably 10 Lo 
20% by weight. When thp. content exceeds 30% by weight, a 
problem ol ejeclinq property may arise, while when the 
content is less than 1% by weight, the rate of drying may 
decrease. 

The aqueous ink composition of the invention may 
contain other additives, for example, a pH regulator, an 
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antiseptic agent, and/or an antifungal agent. Examples 
of the pH regulator inr.lude various amines such as 
diethanolamine and liriethanolamine, and alkali metal 
hydroxides such as sodium hydroxide/ potaooium hydroxide , 
and lithium hydroxide. 

Moreover, the aqueous ink composition of the 
invention has a surface tension at 20°C of preferably 20 
to 45 dyn/cm, more preferably 25 to 40 dyn/cm. 

Furthermore, the aqueous ink composition of the 
invention is preferably used as an ink for ink jet 
Q recording . 

it Next, preparation examples of emulsions of the 

sulfonyl yroup-conLaining (co) polymers to be used in the 
preparation of the aqucouo ink compositions of the 
invention are describe below, but the invention is not 

C3 limited thereto ♦ 

Q Emulsion 1 

(1) Into a glass-made reaction vessel was placed inn 
g of dioxane, and 11.0 g of sulfuric anhydride was added 
thereto while the inner temperature was maintained at 25°C. 
After 2 hours of stirring r a sulfuric anhydride-dioxane 
complex was obtained • 

{2) Into a THF solution (concentration = 15%) of 100 
g of sLyxune/iaoprene/styrene triblock copolymer (ratio 
by weight = 10/80/10, Mw - 100,000) was added all the 
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amount of the complex obtained in (1) while the inner 
temperature was maintained at 25°C. The stirring was 
continued for further 2 hours. 

(3) Into a flask were placed l f 2G0 q of water, 7.1 g 
of sodium hydroxide, and 1 g of sodium 
dodecylbenzenesulf onate, and the inner temperature was 
maintained at 40°C. All the amount. vL the solution 
obtained in (2) was added dropwise thereinto over a 
period of 1 hour while the inner temperature was 
H= maintained at 4Q°C, After the addition, the whole was 

^.■■■,7.;, 

Q stirred at 40°C for 2 hours and the solvent was removed by 

y s distillation under reduced pressure while the water was 

ft i 

IZ left ro ohr.ain a su Iterated polymer emulsion having a 

concentration of 15%. The particle diameter of the 
polymer was 30 nm and the content of sulfonic acid in the 

Q solid mass was 1.2 mmol/g. 

53 Emulsion 2 

(1) Into a glass -marie reaction vessel was placed 100 
g of 1, 2-dichloroethane, and 11.8 g of sulfuric anhydride 
was added thereto while the inner temperature was 
maintained at 25°C, whereby a 1, 2-dichloroethane solution 
of sulfuric anhydride was obtained. 

(2) Into a 1, 2-dichloroethane solution 
(concentration = 15%) ot 1UU g of" hyrirogfinat.i on product 
(hydrogenation rate 99%) of the diene units of 
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butadienc/ctyrcnc/butadiene copolymer {ratio by weight = 
3Q/40/30, Mw a 50,000) was added all the .amount of the 
sulfuric anhydride solution obtained in above (1) over a 
period of 1 hour while the inner temperature was 
maintained at 2S°C. The stirring was continued for 
further 2 hours. After stirrinq, about 500 q of 1,2- 
dichloroethane was removed under reduced pressure and 
then 500 g of XhU* was added thereto- 

(3) Into a flask were placed 1,200 g of water, 7.1 g 
ot sodium hydroxide, and 1 g of sodium 
dodecylbenzenesulfonate, and the inner temperature was 
maintained at 40 C C. All the amount of the solution 
obtained in (2) was added dropwise rhereinr.o ov*r a 
period of 1 hour while the inner temperature was 
maintained at 40°C. After the addition, the whole was 
stirred at 4 0°C for 2 hours and the solvent was removed by 
distillation under reduced pressure while the water was 
left to obtain a sulfonated polymer emulsion having a 
concentration of 15%. The particle diameter of the 
poiymftr was 40 nm and the content of sulfonic acid in the 
solid mass was 1-0 mmol/g. 

Emulsion 3 

To a ht)0 ml round-bottomed four-necked flask were 
added 0,75 q of Emal o (an alkyl sulfate-type anionic 
emulsifying agent) and 155 g of distilled water. After 
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replacement by nitrogen gas under slow sliming, 20 q of 
a mixed monomer composed of 40 g of vinylsulf onic acid 
and 40 q of methacrylic acid was added thereto . The bath 
temperature was maintained at 30°C, and after abuul 20 
minutes, one tenth of If) mi of an aqueous solution 
containing 0.75 y of potassium persulfate and 10 ml of an 
aqueous solution containing 0,75 g of acid sodium 
bisulfite, After 30 minutes,, bO g of the rfimaining mixed 
monomer wgo added dropwise over a period of 3 hours and 
the po I ym^ri 7.ahi nn initiators were also added portionwise 
before the completion of the addition of the monomer. 
After the addition, the stirring was continued for 1 hour, 
and the mixture was salted out by 1/2 mol of aqueous 
sodium sulfate solution, washed, and then dried. 

Thft resulting copolymer was dissolved in toluene. 
Thereafter, the Lulu^ne solution was stirred and mixed 
with water to emulsify the copolymer and the toluene was 
removed while the water was left, wheraby Emulsion 3 was 
obtained, 

EXAMPLES 

The present invention will be illustrated in greater 
detail with reference to the following Examples, but the 
invention should not be construed as being limited 
thereto. 

EXAMPLE 1 
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Ink Set A 

Pigment Dispersion A: 

Pigment Yellow 120 25% by weiqht 

Styrene-acrylic acid copolymer 
(a dispersant resin) (acid 

value: 120) 5% by weight 

Pigment Yellow 128 and the dispersant resin were 
mixed and the concentration of the dispersed pigment is 
regulaUed Lu be 25% by addinq pure water "Co obtain a 
mixture- The mixture was dispersed together with glaao 
beads (diameter: 1,7 mm, an amount of 1.5 times the 
weight of the mixture) for 2 hours in a sand mill 
manufactured by Yasukawa Seisakusyo K.K. After the 
dispersing, ylass beads were removed to obtain Pigment 
Dispersion A. 
Yellow ink composition h : 

The following components were mixed and stirred at 
ambient temperature for 20 minutes, and then the mixture 

was filtrated through an 8 prnK/membrane filter to obtain 
Yellow Ink Composition A. 



Pigment Dispersion A 12,5% by weight 
Emulsion 1 G.7% by weight 

Glycerin 10% by weight 
Surfynol 104 1% by weight 

Triethylene glycol 

monobutyl ether 5% by weight 
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Pure water remainder 

Magenta Ink Composition h : 

Magenta Ink Composition A was obtained in a similar 
manner Lu the preparation of Yellow ink Composition A 
with the exception that Pigment Red 122 was employed as 
the pigment instead at Pigment Yellow 128. 
Cyan Ink Composition A i 

Cyan Ink Composition A was obtained in a similar 
the preparation of Yellow ink Composition A 
with the exception that Pigment Blue 15:3 was employed as 
the pigment instead of Pigment Yellow 128. 

EXAMPLE 2 

Ink Set B 

Ink Set B (Yellow Ink Composition B, Magenta Ink 
Composition 13, and Cyan Ink Composition R) was obtained 
in a similar manner to Lhu preparation of Ink Set h with 
the exception that Emulsion 2 was employed instead of 
Emulsion 1 and that Surfynol TG was employed instead of 
Surfynol 104. 

EXAMPLE 3 

Ink Set C 
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Ink Set C (Yellow Ink Composition C, Magenta Ink 
Composition C, and Cyan Ink Composition C) was obtained 
in a similar manner to the preparation of ink Set A with 
the exception that Bmulaion 3 was employed instead of 
Emul fii nn 1 . 

' EXAMPLE 4 

ink set D 

Ink $et D (Yellow Ink Composition D, Magenta Ink 
5^ Composition D, and Cyan Ink Composition D) was obtained 

y in a similar maimer Lo I he preparation of Ink Set A with 

the exception that Pigment Dicpcroion A was replaced with 
if] Pigment Dispersion ti r obr.ai neri by using styrene-acrylic 

s acid copolymer (a dispersant resin) (acid value: 90) 

M a instead of styrene-acrylic acid copolymer (a dispereant 

fl r^sixi) (ciuid value: 120) in Figment Dispersion h. 

! =SS: ; 

KXAMPT.K 5 

Ink Set E 

Ink Set E (Yellow Ink Composition E, Magenta Ink 
composition E, and Cyan ink Composition F.) was obtained 
in a similar manner to the preparation of Ink SeL A with 
the exception that Pigment Dispersion A was replaced with 
Pigment Dispersion C, obtained by using styrene-acryl i a 
acid copolymer {a dispersant resin) (acid value; 100) 
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instead of styrcnc-acrylic acid copolymer (a dispersant 
resin) (acid vaiua: 120} in Pigment Dispersion A. 

COMPARATIVE EXAMPLE 1 

Ink set V 

Ink Set F {Yellow Ink Composition F, Maqenta Ink 
Composition F, and Cyan Ink Composition F) was obtained 
in a similar manner to the preparation of ink Set A with 
the exception that Emulsion 1 was not added. 

13 
O 

O The following evaluation tests were conducted on 

fy each aqueous ink composition obtained in Examples and 

rrj Comparative Example- The results obtained are shown in 

U Table 1. 

:! = Evaluatio n of co hesion rti f t^rgnti a J . : 

if 

jj* 5 The aqueous ink compositions o£ above Ink Set A to F 

M* were each loaded on an ink jet recording apparatus MC- 

2000 manufactured by Seiko Epson Corporation, and 
printing was conducted on MC photographic paper 
manufactured by Sp.ilco Epson Corporation with the 
combination of yellow and magenta or yellow and cyan at 
the same print duty for each ink composition. The 
resulting prints wpta evaluated in accordance with the 
following criteria. 
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A: No cohesion differential occurred yv^n when total 
nf print duty of each ink composition was 14 0%. 
B: Cohesion differential occurred when total of 
print duty of each ink composition wa3 120% or more. 
Ct Cohesion differential occurred when total of 
print duty of each ink composition was 100% or more. 
Evaluation of gloee differential : 

Magenta ink compositions A to F ware* aanh loaded on 
an ink jet recording apparatus MC-200Q, and a color patch 
i& printed on MC photographic paper at a print duty of 

K 10%/ 20%, 40%, 60%, 80%, or 100%. The samples were 

Tl, observed visually from various angles and evaluated in 

;j accordance with the following nrifp.rin. 

w * A: The difference of gloss was hardly not icy able 

s 

M even between different print duties. 

O B: The difference of gloss was observed but was not 

Q &o remarkable between different print duties. 

C: The difference of gloss was nntineable between 
different print duLiys. 
Evaluation of glossiness : 

Aqueous ink compositions of ink sets A to F were 
each loaded on an ink jet recording apparatus MO2Q00, 
and printing was conducted on PM photographic paper 
manufactured by Seiko Epson Corporation. Kelative- 
specular glossiness at 60° was measured by mean a of a 
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glossmeter PG-1M manufactured by Nihon Densyoku Kogyo K.K. 
and evaluation was conducted in accordance with the 
following criteria. 

A: Glossiness was 90 or more. 

H: Glossiness was from 80 to less than 90. 

C; Glossiness was leas than 80. 
Evaluation of bronzing : 

Cyan ink compositions A to F were each loaded on an 
ink jet recording apparatus MC-2000, and a color pa Lull 
was printed on MC photographic paper at a print duty of 
10%, 20%, 40%, 60%, 80% f or 100%. The samples were 
observed visually from various angles and evaluated in 
accordance with the following criteria. 

A; Reddish coloring was not observed or was hardly 

noticeable at all the print duties. 

3: Reddish coloring was observed at one or two print 
duties . 

U: Reddish coloring was observed at three or more 

print duties. 
Evaluation of fixing ability : 

Aqueous ink compositions of Tnkr Sa1».a A to F were 
each loaded on an ink jet recordinq apparatus MC-2000, 
and printing was conducted on MC glossy paper. The 
printed part was strongly rubbed with a finger *t 30 
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minutes after the printing, and evaluation was conducted 
in accordance with the following criteria. 

A; No staining occurred. 

B: Staining slightly occurred 

C: Staining occurred. 
Evaluation o£ ejection stability : 

Acjueous ink compositions of Ink Soto A to F were 
each loaded on an inJc jet recording apparatus Mr.-?Q00 r 
and 500 sheets of a pattern comprising text and graphics 
a* A4 size were printed. Cleaning was conducted at the 
time when any missing ur bend occurred, and evaluation 
was conducted based on the number of cleaning times 
required during 500 sheets of printing in accordance with 
the following criteria. 

A: The number of cleaning times was 1 time or less, 

B; The number ol cleaning times was from 2 to 4 

times • 

C: The number of cleaning times was b times nr more. 
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As described in detail above, the invention provides 
a pigment-containing aqueous inV composition excellent in 
light-f astness and water-fas Lness wherein a polymeric 
dispersant is employed as the pigment and a sulfonyl 
group-containing (co) polymer and an ultra-penetrating 
agent arc contained, whereby there are exhibited 
excellent effects that cohesion differential, bronzing 
phenomenon, culor-bleedinq, and the like are not occurred,, 
and improved fixing ability and coloring property are 
realized without impairing ejection stability. 

In particular, the use of a pigment, dispersed or 
dissolved in an aqueous medium by the action of an 
acrylic (co) polymer having an acid value of 100 or more 
or a combination of the acrylic (co) polymer and other 
dispersant as the polymeric dispersant further serves an 
excellent effect that a highly glossy recordinq is 
possible. 

While the invention has been described in detail and 
with reference to specific examples thereof, it will be 
apparent, to one skilled in the art that various changes 
and modifications van be made therein without departing 
from the spirit and scope thereof. 



36 



